with the bone algorithm. Although the bone algorithm resulted in an increase in visible noise, the overall visual quality of the images was considered equal to or greater than that of those reconstructed on the standard algorithm in 100% of parenchymal (p < .001) and 85% of mediastinal (p < .001) images.
Scanning of a line-pair-resolution phantom demonstrated a 28% improvement in Image resolution
with the bone algorithm. Although the bone algorithm resulted in an increase in visible noise, the overall visual quality of the images was considered equal to or greater than that of those reconstructed on the standard algorithm in 100% of parenchymal (p < .001) and 85% of mediastinal (p < .001) images.
We conclude that routine use of the bone algorithm results in Improved spatial resolution and definition of pulmonary parenchymal detail without appreciably degrading the overall visual quality of mediastinal images.
AJR 153:1169-1173, December 1989
A number of studies have documented the value of thin-section high-resolution CT in the evaluation of interstitial and parenchymal lung disease [1 -6] 31 patients in whom 10-mm-collimation images were reconstructed by using both the standard and high-spatial-frequency algorithms.
Materials and Methods
A CT 9800 system (General Electric, Milwaukee, WI) was used in all 31 patients. Twenty patients received IV contrast material. Indications for scanning included solitary pulmonary nodules in 1 8; bronchiectasis in five; interstitial lung disease in three; asbestos-related pleural disease in two; and a pleural effusion, emphysema, and chest trauma in one patient each.
During routine scanning of the chest, three 10-mm-collimation scans were selected for assessment in each patient at the following levels: aortic arch, trachea, carina, and 2 cm above the diaphragm. These levels were chosen because they allow visualization of a portion ZWIREWICH ET AL.
AJA:153,
December 1989 of virtually all segments of both lungs [7] . Scanning parameters included 120 kVp, 170 mA, and a 2-sec scan time. The data from each image were reconstructed to a 40-cm field of view by using both the standard and bone algorithms. Two sets of three reconstructed images were produced, and each was photographed at settings appropriate for both mediastinum (level = 35 H; width = 450 H) and lung parenchyma (level = -690 to -600 H; width = 1500 H). For each patient the 12 images produced (six lung, three each on standard and bone algorithm, and six mediastinal images) were recorded on a single sheet offilm using a multiimaging camera (Matrix Instruments, Orangeburg, NV). Parenchymal and mediastinal images were randomly assigned to one of two groups according to the reconstruction algorithm used (bone or standard). The images were then masked to obscure all technical details of the scan.
The two groups of images, differing only in the reconstruction algorithm, were assessed by three independent observers who were blinded to the algorithm used. Observers were asked to separately evaluate the lung parenchyma and mediastinum including normal anatomy and areas of abnormality. On lung windows they assessed small-vessel/parenchymal detail, small-vessel/parenchymal sharpness, and overall visual preference.
On mediastinal windows they assessed contour sharpness, definition of contents, and overall visual preference. The observers recorded in which group the features were best defined or if the two groups were equal in quality. Noise, which on CT images of the chest is generally more apparent in a posterior and paravertebral distribution [1] , was assessed in a similar fashion.
Observers were asked to record in which group the noise was most apparent or whether it was the same in both. Statistical analysis of the various comparisons was performed by using the chi-square test.
Because of the number of comparisons, p < .005 was required for any difference to be considered statistically significant.
A Plexiglas line-pair phantom(QA-Phantom, General Electric model 46-241 852Gl) was also scanned at 120 kVp and 200 mA. Data were reconstructed with standard and high-spatial-frequency algorithms at a 25-cm field of view. The image line-pair resolution was determined for each algorithm at identical window and level settings.
Results
Cumulative results of interpretations of the 31 scans by three observers are listed in Tables 1 and 2 . Of a total of 93 interpretations of images of lung parenchyma, small-vessel and parenchymal detail with the bone algorithm was judged equal or superior to the standard algorithm in 92 (99%) of images ( Figs. 1 and 2 ). The three observers judged the bone algorithm to give superior parenchymal detail (mean, 94%) and sharpness (mean, 97%).
Individual observers judged mediastinal contour sharpness on images reconstructed by using the bone algorithm to be equal to those reconstructed with the standard algorithm in 0-26% (mean, 1 1 %) of cases and superior in 74-100% (mean, 89%) (Fig. 3) .
One observer believed the definition of mediastinal contents on the standard images was superior to those reconstructed by using the bone algorithm in six (1 9%) of 31 patients. The remaining two observers did not consider any standard images superior to those reconstructed with the high-spatialfrequency algorithm.
In 1 6-68% (mean, 36%) of patients, both algorithm images were judged equal in defining mediastinal contents, and in 32-77% (mean, 58%) the observers judged the bone algorithm images to be superior.
In an average of 94% of patients, the definition of mediastinal contents reconstructed on the image with high-spatial-frequency algorithm was judged equal or superior to that with the standard algorithm.
On 87-97% (mean, 91 %) of images of lung parenchyma, overall visual preference was given to the high-spatial-frequency algorithm.
Equal preference was given to the two algorithms in 3-1 3% (mean, 9% Scans of the line-pair phantom show the effect of the reconstruction algorithm on spatial resolution at a 25-cm field of view (Fig. 4) . Line-pair resolution for the high-spatial-frequency bone algorithm (8 lp/cm) was 28% greater than that of the standard algorithm (6.25 lp/cm).
Discussion
High-resolution CT is advocated in the routine evaluation of a variety oflocalized and diffuse parenchymal lung diseases [2] [3] [4] [5] [6] . This technique uses thin-collimation scans (1 . ment in line-pair resolution on thin-collimation scans of a phantom by using the bone algorithm [1] . Although the increase in spatial resolution on 1 .5-mm-collimation scans resuIts in improved separation and visualization of small parenchymal structures, the technique is impractical in evaluating more than small volumes of lung tissue. Conventional pulmonary CT uses 8-to 1 0-mm-collimation scans and allows assessment of the entire lung parenchyma. Small localized abnormalities can be detected because of the low density of the lung parenchyma [8] . Although many small lesions are rendered visible on thick-collimation scans, subtle lesions may be difficult to distinguish from normal lung markings because edge sharpness may be compromised through the use of the standard reconstruction algorithm. Our data indicate a 28% improvement in spatial resolution by using a line-pair phantom on 10-mm-collimation images reconstructed with the high-spatial-frequency algorithm. When scans of 31 patients were reviewed by three observers, lung parenchymal detail and sharpness were judged superior in more than 90% of images reconstructed by using the high-spatial-frequency algorithm.
Overall, observers expressed a visual preference for the bone algorithm in 91 % of lung images and judged it to be superior or equal to the standard algorithm in 85% of mediastinal images. Although reviewers evaluated subjective noise as being greater with the bone algorithm in 38% of lung images and 97% of mediastinal images, none believed that apparent noise significantly compromised the overall visual quality of the scans. This is consistent with the observation by Mayo et al. [1] , who noted that while use of a high-spatialfrequency algorithm does not result in more actual noise, it makes it more visible on the final image. Naidich et al. [ 
